Abstract: Species of avian brood parasites that use one or several species of hosts are called host specialists and generalists, respectively. To determine host use of individual bronzed cowbirds, Molothrus aeneus (Wagler, 1829), and brownheaded cowbirds, Molothrus ater (Boddaert, 1783), we assigned maternity to eggs using microsatellite DNA markers. We measured patterns of host use by individual sympatric cowbirds. This allowed us to determine whether these species competed for host nests and the number of females laying at nests that were already parasitized by conspecifics. We monitored 1447 nests of 42 potential host species and found that each species of cowbird used primarily four host species, with minimal overlap in the species used, yet at least some individuals acted as generalists. Individual cowbirds tended to avoid laying again at nests each had already parasitized, and multiple parasitism was frequently due to same-day laying by more than one female (19% and 44% of 27 and 39 cases for brown-headed and bronzed cowbirds, respectively). Our results suggest that both cowbirds can differentially parasitize host species; however, host use does not appear to be refined, as many eggs were laid in already-parasitized nests when unparasitized nests of other suitable host species were available.
Introduction
Some avian brood parasites use a single host species, whereas others parasitize several species (Friedmann 1929; Rothstein and Robinson 1998) . The cowbird genus Molothrus Swainson, 1832 comprises five extant species, of which the two most basal and the three most recently derived each use fewer than 10 species and more than 93 species as hosts, respectively (Fig. 1) . Patterns of host use among these cowbirds have been attributed to a winnowing of the number of hosts over time through the evolution of host defensesthe coevolutionary hypothesis (Rothstein 1990; Rothstein et al. 2002) . As an alternative, Lanyon (1992) hypothesized that host generalism is a derived state among the cowbirds. To understand more fully the evolution of host use, however, knowledge of the behavior of individuals is crucial.
For instance, common cuckoos, Cuculus canorus L., 1758, use more than 220 species as hosts (Lowther 2005; Payne 2005 ), but individual common cuckoos parasitize only one or a few host species and are considered, individually, to be specialists (Moksnes and Røskaft 1995; Gibbs et al. 2000) . This specialism is a result of matrilineal lines for host use (Gibbs et al. 2000) and time (60 My) for the refined coevolution between cuckoos and some of their hosts observed today (Rothstein et al. 2002) . By contrast, Friedmann (1929) assumed that individual brown-headed cowbirds, Molothrus ater (Boddaert, 1783) , used multiple hosts and Fleischer (1985) confirmed this by comparing allozymes among eggs laid by different females. Based on microsatellite DNA and mtDNA variation, Gibbs et al. (1997) found that genetically distinct host races did not occur among brown-headed cowbirds reared by two hosts. Several recent studies have further demonstrated that brown-headed cowbirds act individually as host generalists (Hahn et al. 1999; Woolfenden et al. 2003; Strausberger and Ashley 2005) .
Compared with the relatively well-studied brown-headed cowbird (Rothstein and Robinson 1998) , information about parasitism by the bronzed cowbird, Molothrus aeneus (Wagler, 1829) , is limited (Friedmann 1929; Carter 1986; Peer and Sealy 1999a; Chace 2005) and it is not clear whether individual bronzed cowbirds are generalists. Therefore, more detailed information on host use by individual bronzed cowbirds is needed to evaluate whether this species comprises specialists or a mixture of individuals with different host-use strategies (see Lowther 1995; Strausberger and Ashley 2005) . Also, because many nests parasitized by both species receive more than one cowbird egg (Carter 1986; McLaren et al. 2003; Ellison 2004) , identifying the number of females that lay in each nest is important. For instance, do individuals have limited access to nests and thus need to lay more than one egg per nest? Or do several females lay in the same nest? Each scenario has different implications for the evolution of cowbird host use, particularly among nestlings that compete for food (see Kilner et al. 2004) , and both types of parasitism occurred at nests of the song sparrow, Melospiza melodia (Wilson, 1810) , used by brown-headed cowbirds in Manitoba (McLaren et al. 2003) . Therefore, we tracked host use by individual bronzed cowbirds and brown-headed cowbirds by assigning parentage using microsatellite DNA.
Methods

Study site
We measured host use by cowbirds during four breeding seasons (1999) (2000) (2001) (2002) at Fort Clark Springs, Kinney Co., Texas (29818'N, 100843'W) . Bronzed and brown-headed cowbirds have co-occurred in the area for more than 50 years (Oberholser 1974) . We used DNA to identify eggs laid by different individuals and, to increase our sampling for species parasitized by the cowbirds, we monitored nests and host fledgling groups (see Carter 1986 ) in areas surrounding a 27 ha area where clutches were manipulated. Because we destroyed eggs to obtain DNA, the two methodologies were applied in different plots (Fig. 2) . In the ''core'' area, nests were located by identifying areas with territories for which we lacked nests. Territories were identified by spot mapping (International Bird Census Committee 1970) songbird locations twice per week. We did not survey barn swallows, Hirundo rustica L., 1758, purple martins, Progne subis (L., 1758), or doves because they are infrequently parasitized by cowbirds and are poor fosterers for cowbirds. All cowbird eggs that we collected were from nests located within the core area (Fig. 2) .
The core area consisted of a manicured golf course dominated by trees <7 m tall (honey mesquite, Prosopis glandulosa Torr., Texas huisache, Acacia farnesiana (L.) Willd., and other Acacia spp.). Cowbird fledging success was measured in surrounding areas within 2 km of the core area. Also, as a control for the effects of switching cowbird eggs with model eggs (details below), we did not manipulate cowbird eggs in any nests in 1999. Thus, data on cowbird fledging success in 1999 were collected in both the core and the surrounding areas. To further assess the diversity of species used as hosts, we surveyed host fledgling groups (see Carter 1986) . We considered host species those that fed young cowbirds incapable of sustained flight. Fledgling cowbirds may be fed by individuals other than their fosterers (Sealy and Lorenzana 1997) , but this is exceedingly rare (2%, n = 519) compared with the usual case, in which cowbirds are fed by their fosterers (100%, n = 14; Eastzer et al. 1980; Woodward 1983; Smith and Arcese 1994) . Thus, we considered our host survey methods to be relatively accurate. The surrounding areas were a mixture of residential lots, riparian woodland of Texas live oak, Quercus virginiana P. Mill., and pecan, Carya illinoinensis (Wangenh.) K. Koch, and Trans-Pecos brushland with mostly honey mesquite (<4 m tall) and grass (1 m).
Host use
The number of cowbird eggs per nest was recorded in the core area. To ensure that we collected all cowbird eggs within the core, all songbird nests were checked daily during 6-to 10-day periods centered on the potential host's first egg day. We compared the number of eggs laid per nest with random Poisson series to determine whether cowbirds (Lanyon 1992, Johnson and Lanyon 1999) . Host data are from Lowther (2005) . Divergence estimates at nodes were calculated by Rothstein et al. (2002) . The double line indicates the break for an outgroup, the nonparasitic baywing (Agelaiodes badius (see Lowther 2001) , previously known as the bay-winged cowbird, Molothrus badius).
distributed their eggs in a numerically random pattern among host nests. We followed the Kolmogorov-Smirnov procedure for such a comparison outlined by Lea and Kattan (1998) . We monitored nests to detect the use of host species that may reject cowbird eggs by watching or videotaping nests of potential hosts prior to sunrise, when cowbirds lay (Scott 1991; Peer and Sealy 1999b) . Hi8 and digital video cameras were mounted on tripods 3-5 m from nests, and observers watched nests from >10 m away. We also checked the contents of nests 10-30 min after sunrise to further minimize chances of missing cowbird eggs that were quickly ejected by potential hosts (see Scott 1977) . Of the species commonly parasitized, only the Bullock's oriole, Icterus bullockii (Swainson, 1827) , is known to eject foreign eggs (Rohwer et al. 1989; Sealy and Underwood 2004) .
Identification of egg-laying individuals
Cowbirds were captured in seed-baited walk-in traps and uniquely color-banded, and blood was sampled. DNA was obtained from the blood of adults and young and from the eggs collected from host nests (Alderson et al. 1999a ). Cowbird eggs found on the rim of nests or directly below nests were included in the genetic analysis (details below) because they represent host use. Cowbird eggs were collected when found to prevent them from being destroyed by predators or damaged by cowbirds and were replaced by painted wooden eggs of similar mass, dimensions, and appearance (see Peer et al. 2002) to minimize nest abandonment by hosts. No eggs were collected in 1999; hence, no egg models were placed in nests. This was necessary because model eggs may affect cowbird behavior at nests because they cannot be punctured (Massoni and Reboreda 2002) , and their appearance may affect the probability of subsequent parasitism (see Ortega et al. 1994) . To test whether model cowbird eggs affected multiple parasitism, we compared rates of multiple parasitism during the control (1999) and treatment years.
Cowbirds that laid within the core area were identified by comparing adult and offspring alleles at microsatellite DNA loci (Alderson et al. 1999a; Woolfenden et al. 2003) . Eggs were artificially incubated for 3-5 days and then stored at -20 8C. DNA was extracted from embryos and shells (sensu Sambrook et al. 1989) . DNA from embryos yielded maternal and paternal haplotypes (Alderson et al. 1999a (Alderson et al. , 1999b , whereas DNA from shells and embryos was used to obtain maternal (shell) genotypes and paternal haplotypes (i.e., non-maternal half of embryo genotype) (Strausberger and Ashley 2001) . Samples were PCR-amplified and genotyped at four or five microsatellite DNA loci using polyacrylamide gel electrophoresis and autoradiography. For one locus, Mam 16, DNA was quantified by automated sequencing on an ABI PRISM 1 310 Genetic Analyzer (Applied Biosystems, Foster City, California) with fluorescently labeled primers (Longmire et al. 2001; Strausberger and Ashley 2001) . The number of females laying at the same nest was often determined by observation, because each cowbird can lay only one egg per day (Sturkie 1976) ; thus, more than one female was involved when more than one egg appeared in a nest on the same day. We also used the PARENTAGE (see Marchetti et al. 1998) and KINSHIP (Goodnight and Queller 1999) programs (see Alderson et al. 1999a Alderson et al. , 1999b to statistically assign parentage based on genetic data. PARENTAGE excludes nonmatching candidate genotypes to yield highresolution parentage assignments based on calculations sensu Chakraborty et al. (1988) ; see Alderson et al. (1999a) . We used KINSHIP to calculate relatedness likelihood values (Goodnight and Queller 1999) , which were used to identify half-and full-siblings (sensu McLaren et al. 2003) .
Females involved in multiple parasitism
We used observational laying data, maternal haplotypes, and output from the PARENTAGE and KINSHIP programs to determine the likelihood that eggs were laid by the same or different females (sensu McLaren et al. 2003) . For this analysis we were interested only in the number of laying females; thus, this method differed from that used for parental assignment, described previously. Specifically, alleles were compared at four loci to calculate the probability that offspring were related maternally.
Synchrony of cowbird laying
We considered the timing of cowbird laying to be appropriate when cowbird eggs were laid between the first day of host laying (LD 1) and the third day of incubation (ID 3). This period exceeds that used by McLaren et al. (2003) by 1 day because for most host clutches at our site, incubation spanned up to 14 days, whereas McLaren et al. (2003) considered only the song sparrow, which has a 12-day incubation period.
Among the nests that were multiply parasitized, we compared the appropriateness of cowbird laying in each category of multiple parasitism, i.e., single-female nests versus multiplefemale nests, using contingency tests. We analyzed data by nest, each classified as ''all parasitism appropriate'' or ''one or more cases inappropriate'', and by egg, each scored as laid ''appropriately'' or ''inappropriately''. For classification of eggs, we included only eggs laid after the first cowbird egg appeared in each nest. In cases where two cowbird eggs appeared on the same day, neither was included.
Results
Host use
During 1999-2002, we found 1447 nests including 330 and 238 eggs laid by bronzed and brown-headed cowbirds, respectively (2000-2002 data in Table 1 ). Bronzed cowbirds parasitized primarily orchard orioles, Icterus spurius (L., 1766), and hooded orioles, Icterus cucullatus Swainson, 1827, whereas brown-headed cowbirds parasitized bluegray gnatcatchers, Polioptila caerulea (L., 1766), Bell's vireos, Vireo bellii Audubon, 1844, and vermilion flycatchers, Pyrocephalus rubinus (Boddaert, 1783) . Only nests of northern cardinals, Cardinalis cardinalis (L., 1758), were used regularly by both cowbird species; however, only three northern cardinal nests were available in the core area. Bronzed cowbirds also parasitized nests of yellowbreasted chat (Icteria virens (L., 1758) ), Bullock's oriole, lark sparrow (Chondestes grammacus (Say, 1823) ), chipping sparrow (Spizella passerina (Bechstein, 1798)), and house finch (Carpodacus mexicanus (Müller, 1776) ). The distribution of eggs laid by brown-headed cowbirds differed significantly from a random series (D = 0.63, P < 0.001), whereas that of eggs laid by bronzed cowbirds did not (D = 0.15, P = 0.08).
Fourteen and 20 bronzed and brown-headed cowbird eggs, respectively, were found beneath nests. Observations during cowbird laying attempts revealed that cowbirds sometimes did not lay eggs in nests (bronzed cowbird, 5%, n = 41; brown-headed cowbird, 22%, n = 23). In four cases, eggs missed nests (two for each cowbird species). Also, brownheaded cowbirds twice laid eggs atop Bell's vireos, and one brown-headed cowbird egg was laid on the ground. In all seven of these cases, laying failure was associated with host nest defense. Although cowbirds removed host eggs (n = 3 observations), none removed cowbird eggs or models.
More than one female laying at a nest on the same morning was more common among bronzed cowbirds (44%, n = 39) than among brown-headed cowbirds (19%, n = 27) (Fig. 3) . On two occasions, two bronzed cowbirds attempted to lay at one nest at the same time (5%, n = 39): once at the nest of a hooded oriole and once at the nest of an orchard oriole. In both instances, the cowbirds apparently laid without disruption, as the number of fresh cowbird eggs per nest equaled the number of cowbirds observed to have visited the nests. At the hooded oriole nest, the second of two bronzed cowbirds clung to the underside of the nest while the other cowbird was on the nest. The second bird lightly pecked the first, which then left, and the second then settled in the nest and laid. Our view of the bronzed cowbirds at the orchard oriole nest was obscured, but they were in contact with each other while atop the nest.
Host use by individuals
We genotyped 233 and 163 samples from bronzed and brown-headed cowbirds, respectively, at a minimum of four microsatellite loci (Table 2 ). This facilitated a relatively high power of exclusion when assigning parentage (Table 2) . Eleven bronzed cowbirds and five brown-headed cowbirds were assigned multiple eggs. Of those assigned more than one egg, 73% of bronzed cowbirds and 60% of brown- Timing and frequency of same-day multiple parasitism (more than one egg laid at a nest on the same day) by bronzed and brown-headed cowbirds. For each day, cowbird eggs laid after parasitized clutches had reached the maximum size that could normally be cared for (two and three for brown-headed and bronzed cowbirds, respectively) were classified as excessively laid (open bars); all other eggs were classified as appropriately laid (solid bars). Same-day laying was classified as appropriate because cowbirds were presumably physiologically committed to laying at these nests. The initial Julian date is 27 April.
headed cowbirds parasitized more than one host species (Fig. 4) . Of the 139 cowbirds banded as young, two (2%) bronzed cowbirds were observed in subsequent years, but no breeding by these birds was detected.
Females involved in multiple parasitism
Sixty-three percent (n = 76) and 36% (n = 99) of nests were multiply parasitized by bronzed and brown-headed cowbirds, respectively (Table 3) . Most parasitized nests received 1-2 eggs (bronzed cowbird, 72%, n = 55 nests; brown-headed cowbird, 97%, n = 96 nests), with an average of 2.1 and 1.2 eggs per parasitized nest for bronzed and brown-headed cowbirds, respectively (Table 3) . Host use was not affected by the substitution of models for real cowbird eggs. Multiple parasitism differed significantly between the control year and some treatment years, yet all significant differences were due to increased multiple parasitism (Table 4 ). This reveals that the presence of model eggs did not reduce cowbird parasitism. Also, both cowbirds were nearly equally abundant each year, ranking 14th and 15th among species detected during 10 morning surveys each season (see Ellison 2004) . Therefore, frequencies of multiple parasitism did not reflect seasonal differences in cowbird numbers.
The exclusion analysis determined that most eggs laid in multiply parasitized nests had been laid by different females. However, because not all eggs at multiply parasitized nests yielded DNA (bronzed cowbird, 48%, n = 50 nests; brownheaded cowbird, 51%, n = 39 nests), sampling may have been biased toward multiple parasitism by different individuals owing to the number of female assignments made by laying day (41% and 25% of assignments for bronzed and brown-headed cowbirds, respectively; Table 5 ). Nonetheless, when considering only nests where maternity was assigned to all eggs, only 12% (n = 25) and 15% (n = 20) of multiply parasitized nests contained eggs laid by one female (bronzed and brown-headed cowbirds, respectively).
Synchrony of cowbird laying
Most nests eventually parasitized (72%, n = 177) were found prior to parasitism and most cowbird eggs laid were synchronized with the hosts' nest cycle; nine and one eggs laid by bronzed and brown-headed cowbirds, respectively, were laid in nests already abandoned. Bronzed and brownheaded cowbirds laid their eggs coincidentally with an appropriate period of host nesting (89% (n = 98) and 79% (n = 121) of bronzed and brown-headed cowbird eggs, respectively).
Not all eggs in each nest could be assigned maternity (Table 5 ). Considering only nests for which all cowbird eggs were assigned, bronzed cowbirds were equally likely to parasitize the same nest again ( 2 = 0.037, P = 0.847, n = 27 nests). By contrast, brown-headed cowbirds were significantly less likely to parasitize the same nest again ( 2 = 4.167, P = 0.041, n = 24 nests). Among eggs laid in multiply parasitized nests, there was no difference between the numbers laid appropriately and inappropriately by bronzed cowbirds ( 2 = 2.793, P = 0.095), whereas brown-headed cowbird eggs were significantly more likely to be laid appropriately ( 2 = 4.568, P = 0.033). Julian dates of nest initiation for nests that received one or more inappropriately laid cowbird eggs (bronzed cowbird, 129.3 ± 30.1, n = 8; brown-headed cowbird, 138.2 ± 21.4, n = 26) did not differ significantly from those for nests that received only appropriately timed cowbird eggs (bronzed cowbird, 140.8 ± 26.8, n = 37, U = 184.0, P = 0.29; brown-headed cowbird, 142.5 ± 22.3, n = 95, U = 1365.0, P = 0.42).
Discussion
Host use by individuals
Individual bronzed cowbirds parasitized nests of host species that differ in size (20-44 g), plumage color, and nesting structure (Table 6 ). Evolutionary analyses of host use by species of Molothrus, therefore, have correctly assumed that the three most recently derived molothrine species act individually as generalists. Although it is possible that populations of specialists and generalists coexist (Ney-Nifle et al. 2005) and that some individual brown-headed cowbirds are specialists, most bronzed and brown-headed cowbirds are generalists (Strausberger and Ashley 2005 ; this study). Implicitly, these cowbirds have not encountered strong selection, either positive or negative, from any group of potential host species (Joseph et al. 2002) . Despite this, however, bronzed cowbirds apparently use only certain host species, where available, generally Icterus spp. (see also Friedmann 1929) or finches . Elsewhere, where suitable orioles are uncommon, mimids and northern cardinals were most often parasitized (Carter 1986; Peer and Sealy 1999a) . Moreover, the use of certain hosts over others frequently involved multiple parasitism, despite the availability of unparasitized nests of other apparently suitable host spe- (Nei 1987) and PIC (point information criteria, a measure of the information related to heterozygosity across all loci; Hearne et al.
cies. Friedmann et al. (1977) and Strausberger (1998) suggested that multiple parasitism was associated with a cowbird species' differential parasitism or ''preference'' for a particular host. Geographic variation in host use largely reflects the availability of hosts; however, our study included >900 nests of 18 potential host species. Host size may affect parasitism, as bronzed cowbirds rarely use species under 10 g (Lowther 2005 ) and competition from hosts too large may reduce cowbird success. For instance, Peer and Sealy (2004a) experimentally cross-fostered hatchling brown-headed cowbirds (2.2 g) and bronzed cowbirds (3.5 g) into the nests of great-tailed grackles, Quiscalus mexicanus (J.F. Gmelin, 1788) (6.2 g); brown-headed cowbird nestlings did not survive, whereas bronzed cowbird nestlings did. Host size may also affect the frequency of multiple parasitism, as larger hosts may be able to rear more than one cowbird (Weatherhead 1989; Lorenzana and Sealy 1999; Mermoz and Reboreda 2003; Astié and Reboreda 2006) .
Competition with brown-headed cowbirds for nests likely affected the number of host species used by bronzed cowbirds (Ellison 2004) . However, both species of cowbird continued to use only certain host species, which resulted in multiple parasitism, despite the availability of unparasitized nests of other potential host species nearby. The primary difference between the hosts for each cowbird was body size: bronzed cowbirds parasitized species >20 g, whereas brown-headed cowbirds rarely did so (Ellison 2004) .
Females involved in multiple parasitism
As species, the three generalist cowbird species (bronzed cowbirds, brown-headed cowbirds, and shiny cowbirds, M. bonariensis (J.F. Gmelin, 1789)) frequently lay more than one egg per nest (Lea and Kattan 1998; Ortega 1998; McLaren et al. 2003) . In Texas, bronzed cowbirds laid multiple eggs in nests far more often than brown-headed cowbirds. This seems best explained by the use of larger hosts by bronzed cowbirds. However, most multiple parasitism involved more than one female laying at the same nest, sometimes on the same morning (Fig. 3) . Thus, are cowbirds constrained by the number of available host nests, or are they not able to determine which nests other cowbirds have parasitized? Often many nests are available simultaneously, but a distinction must be made between those that are at the right stage for successful parasitism (LD 3 to ID 2 or 3) (McLaren et al. 2003 ; this study) and those that are not. Frequently many nests of suitable host species were available (Table 1) ; however, the availability of primary hosts became limited across each season.
The high frequency of multiple parasitism suggests that any selection for cowbird counter-defenses from host egg discrimination would initially be weak relative to background losses to nestling competition. Yet, from a host's perspective, selection to detect foreign eggs would be greater than if single parasitism predominated and presumably more host young fledged. Host tolerance of frequent multiple parasitism appears best explained by the hypotheses that hosts lack defenses against parasitism owing to either an evolutionary lag or an equilibrium (reviewed by Rothstein and Robinson 1998) .
Most females did not lay again in nests they had already parasitized. This suggests that individuals are not limited by the availability of host nests. It is intriguing that cowbirds 1992) were calculated using Cervus 1.0 (Marshall et al. 1998). continued to parasitize species whose nests were already parasitized rather than seek nests of other species, especially when we realize that over 40 potential host species nested at the site (Table 1 ). Our observations suggest that the costs of multiple parasitism to cowbirds are not reduced through avoidance or immediate removal of the eggs of a competitor. We found that it was common for more than one female to lay at the same nest on the same morning, but the coincident arrival of cowbirds at nests was rare. However, when two bronzed cowbirds visited a nest at the same time, neither disrupted laying by the other or left without laying. Because we collected cowbird eggs, we do not know whether cowbirds subsequently visited nests to puncture or remove eggs (see Ortega 1998; Tewksbury et al. 2002) . However, several cowbird eggs found under nests had been laid atop hosts (n = 2) or outside the nests (n = 32). Furthermore, although cowbirds removed host eggs, none removed cowbird eggs or models.
Because multiple parasitism was common and usually involved laying by different females, host use by bronzed cowbirds appears to reflect elements of randomness and selectivity: nests were frequently parasitized with little difference from a random series and the species used as hosts were parasitized differentially despite their relatively low abundance. However, it is important to note that most of the species not used as hosts did not possess traits to counter the costs of parasitism; thus, bronzed cowbirds' focused parasitism on a few species was not because of host defenses.
The evolution of host diversity Rothstein et al. (2002) hypothesized that coevolution, rather than a phylogenetic trend (Lanyon 1992) , more clearly explains the pattern of molothrine host numbers. Under the hypothesis of coevolution, ancestral cowbirds would have used many species as hosts until, over time, some host species developed defenses that reduced costs associated with parasitism. Explicit coevolution must be reciprocal and, thus, to be considered a result of coevolution, a brood-parasitic trait must be derived solely as a response to a defensive trait among hosts (Rothstein 1990 ). Thus, via coevolution, a cowbird could stop using host species with adequate defenses and favor those with which it has greater success. Thereby, the number of effective hosts available to a species of cowbird would have decreased over time.
In Texas, many hosts that accept cowbird eggs and rear cowbirds elsewhere were not parasitized, despite the 2.1 cowbird eggs/nest among the nests of orioles. However, more time may be required for coevolution to be manifested in the reduction of host number for bronzed cowbirds (Rothstein et al. 2002) . It is informative to consider host use by the most basal among the molothrines (Fig. 1) , the screaming cowbird (Molothrus rufoaxillaris Cassin, 1866).
The screaming cowbird uses primarily three host species (Fraga 1996; Mermoz and Reboreda 1996) , and its young apparently mimic the nestlings of one of its hosts, the baywing, Agelaioides badius (Vieillot, 1819) (Lowther 2001 ) (Hudson 1920; Friedmann 1929) . However, because screaming cowbirds fledge from nests of another host, the chopi blackbird, Gnorimopsar chopi (Vieillot, 1819) (Sick 1993; Fraga 1996) , and are equally successful parasitizing nests of baywings (Fraga 1998 ) and brown-and-yellow marshbirds, Pseudoleistes virescens (Vieillot, 1819) (Mermoz and Reboreda 1996; Mermoz and Fernández 2003) , the remarkable similarity between nestlings of baywings and those of screaming cowbirds may have been Note: Four and two nests of three other species were singly and doubly parasitized by bronzed cowbirds, respectively. Likewise, 11 nests of seven other species were singly parasitized by brown-headed cowbirds (see Table 1 ). Note: The only significant differences from the control season occurred during one and two seasons for bronzed and brown-headed cowbirds, respectively. *, P < 0.05; **, P < 0.001. derived secondarily. Indeed, nestling discrimination by hosts is extremely rare (Langmore et al. 2003) , whereas egg discrimination is more common (Rothstein 1990; Peer and Sealy 2004b) .
Specialization by the screaming cowbird does not appear to be a result of widespread host defenses. Most songbirds with which it co-occurs accept eggs of both screaming and shiny cowbirds (Mason 1986 ). Egg rejection would be expected, however, because it is the most widespread defense in reducing costs of parasitism and rejection traits persist in the absence of parasitism (Briskie et al. 1992; Rothstein 2001; Underwood et al. 2004 ). For some species, such as the great-tailed grackle and the boat-tailed grackle, Quiscalus major Vieillot, 1819, rejection appears to have been maintained for 0.8 My (Peer and Sealy 2004a) . Alternatively, a mechanism such as host species imprinting, as suggested for common cuckoos (Teuschl et al. 1998; Vogl et al. 2002; Skjelseth et al. 2004) , may have restricted the basal species to a few hosts. Indeed, collectively, studies of host use by shiny cowbirds within communities of the Caribbean have documented geographic variation in which certain species were differentially parasitized for decades, regardless of their abundance (Manolis 1982; Wiley 1988; Cruz et al. 1995; Lowther and Post 1999) . Island populations of the Caribbean that were likely founded by only a few individuals appear to have persisted in their differential use of primarily two or three new hosts, despite the availability of many other potential hosts Wiley 1977a, 1977b ; Table 5 . Number of female bronzed (A) and brown-headed cowbirds (B) that laid at multiply parasitized nests, by number of cowbird eggs per nest. Dunning (1993) .
{
One color listed for sexually monomorphic species.
The plumage of yearling males is yellow until after their first breeding season. Cruz et al. 1995) . As in our study, such differential use of hosts occurred despite multiple parasitism of differentially parasitized hosts, even when unparasitized nests of suitable hosts were available.
Future directions
To better understand the persistence of multiple parasitism, a community-based approach is needed. This would allow comparison among nests available at the time of laying. Likewise, a study of cowbird nest-searching activities would reveal the time devoted to locating nests as well as the potential for cowbird detection and avoidance of costs associated with multiple parasitism. For instance, can cowbirds recognize nests that will be or already are parasitized? Likewise, studies focusing on the effect of natal conditions on host selection by individuals may yield interesting results. Particularly among the basal cowbirds, elucidation of host selection by individuals may improve our understanding of the evolution of generalism among the more derived cowbirds. Genetic analysis of screaming cowbird populations using different hosts (sensu Gibbs et al. 1997 Gibbs et al. , 2000 Joseph et al. 2002) may reveal historic patterns of specialism on different host species.
